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Abstract
The physiological and nutrient uptake performance of two wheat (Triticum aestivum L.) cultivars (Lasani-2008 and 
Auqab-2000) to foliar application of 1% potassium (K) at three different growth stages (tillering, flower initiation and grain 
filling) was investigated under water limited environment in a wire house experiment at the Nuclear Institute for Agriculture 
and Biology, Faisalabad. The aim was to find out the best K application stage for improvement in drought tolerance potential. 
Drought stress was created by withholding irrigation at the three growth stages and then K was sprayed with carboxymethyl 
cellulose as a sticking agent, whereas Tween-20 was used as a surfactant for foliar spray. At maturity, aboveground nitrogen, 
phosphorus, K, sodium and calcium uptakes by the crop were measured. Besides, water potential, osmotic potential and 
turgor potential of crop were also estimated. The results indicated that the drought stress at all three critical growth stages 
of wheat adversely affected plant’s nutrient uptake, water potential, osmotic potential and turgor potential of wheat 
plants. The exogenous application of K under drought stress at all three critical growth stages enhanced tolerance 
of wheat by reducing toxic nutrient’s uptake and improving the physiological efficiency. In this regards, both 
varieties showed uniform behavior. Maximum improvement in all the recorded nutrients uptake and physiological 
parameters was achieved when K was applied at grain filling stage of both cultivars.
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1. Introduction
Drought is the most devastating abiotic stress factor, 
affecting growth and yield of various crops. Among 
the other environmental stresses, it is by far adversely 
reducing the crop productivity (Pennisi 2008; Farooq 
et al., 2008); however, different mechanisms have been 
reported to cope with drought. It is now well evident
that drought stressed plants exhibit various physiological, 
biochemical and molecular adaptations to thrive under 
drought stress (Arora et al., 2002). Water stress prevails 
longer in arid and semi-arid environments besides other 
factors which causes the reduction in crop growth and 
yield (Ashraf et al., 1995).
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It has now become the established fact that drought 
stress reduces crop yield in wheat regardless of 
the growth stage at which it occurs. Reduction in 
productivity and impaired crop growth are caused 
when plants suffer from drought stress (Farooq et al., 
2008).  
Concept about the drought tolerance is one of the most 
ambiguous in literature (Blum 2005). Many tolerance 
mechanisms have been evolved, some of which are; 
dehydration tolerance level using genetic engineering 
techniques under laboratory condition (Jenks et al. 
,2007; Nelson et al., 2007), reactive oxygen species 
detoxification under stress condition (Lee et al. 2007; 
Yang et al., 2007; Zhu et al., 2007) and facilitating the 
drought avoidance mechanism with hormonal balance 
(Rivero et al. 2007).
Besides various adaptive mechanisms; potassium 
(K) sprayed under drought condition can improve the 
tolerance of crop plants to various types of abiotic 
stresses, and it also improved subsequent growth 
and yield. Mengel and Kirkby (2001) reported that K 
improves physiological processes by the regulation of 
turgor pressure and photosynthesis; translocation of 
cations and enzymes activation, while, Cakmak (2005) 
also observed that plant suffering from drought stress 
required more internal K. In legumes, devastating 
effects of drought can be alleviated by rich K supply 
(Sangakkara et al.. 2000). Yield limiting effect of 
water deficit could be overcome by increasing K 
supply (Damon and Rengel 2007). The bottom lines 
of the reviewed results in this section indicate that 
under drought stress conditions, yield losses can be 
minimized by the sufficient supply of K. However, its 
application effect at various plant growth stages is not 
well understood yet.
 The objective of present work was to study the 
possible role of K applied on wheat foliage at 
different growth stages under drought, in mitigation 
of stress in terms of physiological components and 
nutrients uptake.
2. Materials  and Methods
2.1.  Experiment description
To pursue the objective outlined above, an experiment 
was carried out for 138 days in pots at Nuclear Institute 
for Agriculture and Biology, Faisalabad, Pakistan 
(latitude = 310 N, longitude = 730 E, and an altitude 
of 184.4 meters above the sea level). The experiment 
was conducted in a wire house in order to avoid any 
(i) insect/birds attack on the plants and (ii) interruption 
by rainfall. The latter was done by covering the wire 
house structure with polyethylene plastic sheet at 
the time of rainfall. Physico-chemical analysis of 
the experimental soil showed that it contained; sand 
22%, silt 13%, clay 65%, organic matter 0.83%, total 
nitrogen (N) 0.33 mg kg-1 dry soil, phosphorous (P) 4.9 
mg kg-1 dry soil, K 128 mg kg-1 dry soil, and calcium 
(Ca) 101 mg kg-1 dry soil. The pH of the soil was 7.7.
The soil was filled in pots with amount of 7 kg dry 
soil per pot and subsequently the recommended doses 
of N and P (120 g pot-1) was applied. Thereafter, two 
commonly grown wheat cultivars (Lasani-2008 and 
Auqab-2000) in Pakistan were sown at a rate of 10 
seeds per pot. After 14 days of germination, plants 
were thinned to four plants per pot. During the growth 
period, drought stress was created by withholding 
irrigation at different growth stages. Thereafter K at 
1% was sprayed with carboxymethyl cellulose (5% 
solution) as a sticking agent, whereas Tween-20 (0.1% 
solution) was used as a surfactant for foliar spray. In 
pots of control treatment (K0) 300 ml of water was 
applied, whereas this amount was only 100 ml water 
in all the other pots with drought treatments.  In order 
to compare K vs. no K treatments, the plants that were 
not treated with K were sprayed with the same amount 
of the carboxymethyl cellulose and Tween-20. K was 
applied to both cultivars through foliar spray on drought 
created pots at three critical growth stages; Zadoks GS 
22, GS 60 and GS 73, representing tillering, flower 
initiation and grain filling stages, respectively. The K 
application/drought induction scheduled viz., K0 (no 
drought and no K spray), K1 (drought at tillering stage 
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without K spray), K2 (drought at tillering stage with K 
spray), K3 (drought at flower initiation stage without 
K spray), K4 (drought at flower initiation stage with K 
spray), K5 (drought at grain filling stage without K spray) 
and K6 (drought at grain filling stage with K spray). All 
the treatments were arranged in completely randomized 
design with three replicates. Under controlled condition 
K0 (no drought and no K spray) plants were given.
2.2. Physiological attributes
At each growth stages, a fully expanded youngest leaf 
of two plants of each treatment was used to determine 
the leaf water potential. The measurements were made 
from 8.00 to 10.00 A.M. with Scholander type Pressure 
Chamber. The selected leaves used to determine water 
potential, was put in a freezer below -20oC for seven 
days. The frozen leaf material was then thawed and cell 
sap extracted with the help of a disposable syringe. The 
sap so extracted was directly used for the determination 
of osmotic potential using an osmometer (Wescor 5500). 
The turgor potential (Ψp) is the difference between 
osmotic potential (Ψs) and water potential (Ψw) values. 
So it was calculated as (Ψp) = (Ψw) - (Ψs).
2.3. Nutrients uptake
 At maturity, the plant’s shoot material with leaves was 
oven-dried at 70oC till constant weight and ground in 
a Wiley Micro Mill to pass through a 2 mm sieve. The 
dried ground material (0.5 g) was digested in sulphuric 
acid and hydrogen peroxide (Wolf 1982). The digested 
samples were run on flame photometer to determine the 
sodium (Na), K and Ca. A graded series of standards 
(ranging from 10-100 ppm) of these ions were prepared 
and standard curves were drawn. The concentrations of 
Na, K and Ca in plant samples from flame photometer 
were computed through standard curves of each, 
separately. The total N content was estimated by 
micro-Kjeldhal’s method (Bremner 1965). The total P 
content was analyzed by spectrophotometer. Effects 
of the treatments on nutrient uptake were statistically 
analysed using Fisher’s analysis of variance technique 
in Statistix (8th edition, Analytical Software, USA). 
Differences among treatments means were compared 
by least significant different test at 5% probability level.
3. Resuls
The contrasts (drought vs. no drought) made it clear 
that drought significantly affected all physiological 
parameters and nutrients uptake by wheat (Table 1) 
and K application under drought improved most of 
these parameters. The collected data regarding water 
potential, osmotic potential and turgor potential 
(Figures 1, 2 and 3) and N, P, K, Ca and Na uptake 
(Table 1) indicated that both the varieties Lasani-2008 
and Auqab-2000 showed uniform behavior to the 
K application. The foliar application of K on wheat 
varieties improved the drought tolerance in the plants. 
Results on leaf water potential and osmotic potential 
of wheat (Figures 1 and 2) indicated that minimum 
(more negative) leaf water potential and osmotic 
potential was recorded from plants which were 
imposed drought than the control at all growth stages. 
Leaf water potential and osmotic potential was 
recorded maximum (less negative) under well-watered 
conditions (K0). Foliar applications of K affected leaf 
water potential and osmotic potential and lowered 
negative effect of these parameters (Figures 1 and 2). 
Varietal differences, however, were non-significant. 
There was significant effect of drought and K sprays 
on leaf turgor potential (Figure 3). Under normal water 
supply (K0), more leaf turgor potential was recorded. 
In contrast, less turgor potential was resulted when 
crop faced water stress, especially at flower initiation 
and grain filling stages. The exogenous applications 
of K under drought increased leaf turgor potential at 
all stages of crop growth. The varieties showed non-
significant differences in turgor potential.
Among drought treatments, maximum improvement 
in all the recorded growth, yield and physiological 
parameters was achieved when K was applied at grain 
filling stage (K6) than other critical stages (Table 1).
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Table 1. Effect of drought and potassium spray on nutrient uptake in wheat. The values given in this table represent 
the mean of two varieties since there were no difference between them.
Means within a column not sharing the same letters are significantly different with each other at 5% probability.
* = Signifiant, NS = Non-significant 
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Although crop gained maximum value for all the 
parameters in control treatment (no drought), however 
it was at par with the treatment where crop faced 
drought at grain filling stage but K was applied. 
Nutrient uptake is major factor contributing to the final 
yield of the crop. Well watered plants (K0) showed the 
highest P and Ca uptake while N, K and Na uptake 
were the lowest in this case (Table 1). Drought created 
at most of these stage (K1, K3 and K5) significantly 
reduced P and Ca uptake; whilst increased the N, K 
and Na concentrations. 
However, comparison of K1 vs. K2, K3 vs. K4 and K5 
vs. K6 revealed that application of K at any critical 
crop growth stage significantly increased wheat N, P, 
K and Ca uptakes and reduced Na uptake. Comparing 
the efficiency of K spray at different growth stages 
(K2 vs. K4 vs. K6) indicated that nutrient uptake was 
affected maximum when K was applied under water 
stress at grain filling stage (K6).
4. Discussion
Drought stress affected the crop growth and 
development significantly by affecting the 
physiological and biochemical parameters causing 
decrease in the final yield of wheat. Foliar application 
of K to wheat under water deficit condition on either 
growth stage (tillering, flower initiation and grain 
filling) significantly affected nutrients uptake and also 
affected water potential, osmotic potential and turgor 
potential of both wheat cultivars.
Drought stress at tillering, flower initiation and grain 
filling stages reduced the water potential and thereby 
also the osmotic potential. This was supported by 
Serraj and Sinclair (2002) who reported that solute 
accumulation in plant cell reduces the osmotic 
potential of the plants. Turgor pressure of wheat plant 
was reduced under drought at each growth stage. This 
decrease was attributed to decreased water potential 
of leaves under drought. Under deficit water condition 
relative water contents (RWC) of the leaf and leaf water 
potential also reduced, which had significant effect 
on photosynthesis (Siddique et al., 2000). Yadave et 
al. (2005) reported the reduction in total leaf area of 
the sorghum due to drought stress conditions. This 
reduction in leaf area induced by the drought stress can 
lead to reduce photosynthesis and thereby the crops 
yield (Kramer 1983). Erickson et al. (1991) reported 
that RWC of leaf signals the internal water balance of 
plant tissue leading to changes in tissue water content 
and thereby its dry weight. In our case, RWC were 
significantly reduced by creating water stress and more 
reduced RWC were recorded when crop faced deficit 
water at flower initiation stage. Water deficit lowered 
the leaf turgor, thus causing reduction in leaf expansion 
rate. This led to the reduced assimilatory surface of the 
crop which ultimately adversely affected yield and yield 
contributing factors. According to the earlier studies 
the adverse effect of drought stress on plant could be 
ameliorated by conserving water by increase in root 
penetration, partial closing of stomata and reduction 
in transpiration (Alfredo and Setter 2000., Hoad et al., 
2001). Besides, it has been found that accumulation of K 
(inorganic ion) can maintain the internal water balance, 
osmotic adjustment, turgor pressure and physiological 
processes (i.e. photosynthesis and stomatal opening) 
of plants which are subjected to water deficit (Serraj 
and Sinclair 2002). 
Nutrients (N, P, K, Ca and Na) uptake in the plant was 
considerably affected by the drought stress. Under 
drought stress the concentration of N, K and Na 
increased. Highest N (27%) and Na (31%) contents 
were observed in plants where drought stress was 
imposed at grain filling stage, while highest K uptake 
(14%) was observed with drought at flower initiation 
stage. The plants under water deficit have high N 
concentration which is because of the free amino 
acids accumulation that are not synthesized into 
protein (Alam 1994) since under drought stress nitrate 
reductase (enzyme responsible for assimilation of 
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Figure 1. Effect of drought and potassium (K) spray at (a) tillering stage, (b) flower initiation stage and (c) grain 
filling stage of two wheat varieties on water potential (-Mpa).
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Figure 2. Effect of drought and potassium (K) spray at (a) tillering stage, (b) flower initiation stage and (c) grain 
filling stage of two wheat varieties on osmotic potential (-Mpa).
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Figure 3. Effect of drought and potassium (K) spray at (a) tillering stage, (b) flower initiation stage and (c) grain 
filling stage of two wheat varieties on turgor potential (-Mpa).
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Thus the growth was inhibited under water deficit 
and plants particularly leaves accompanied by nitrate 
accumulation in plant tissue were affected (Sarwar 
et al., 1991). During K deficiency, ion is transported 
from older leaves to the younger leaves and then 
to meristematic regions due to high mobility of 
K (Wignarajah 1994), therefore plants may have 
accumulated K contents in developing ears for osmotic 
adjustment, so reduced K contents were observed in 
straw at maturity because awns contain chloroplasts 
and stomata and can photosynthesize (Arnon 1972). 
Increased Na concentration in plants (due to drought) 
may cause ion toxicity; with the application of K 
ion toxicity could be reduced because K is involved 
in osmotic regulation, maintenance of cell turgor 
pressure and can effectively compete with Na (Ashraf 
and Foolad 2005). Under increased drought stress K 
contents increased as reported by Ashraf et al. (1998) 
and Khondakar et al. (1983). Exogenous application 
of K reduced the adverse effect of drought by reducing 
the excessive uptake of Na by the plant under drought. 
Foliar applied K maintained the turgor pressure and 
internal water balance of the leaves. Exogenous spray 
of K on plants under drought at grain filling stage was 
most effective and it reduced the uptake of Na by 23% 
and increased the uptake of N and K by 10 and 24%, 
respectively. 
Water deficit has strong damaging effect on the plants 
and it reduced the uptake of P and Ca by plants. More 
reduced P and Ca (62 and 34%, respectively) uptake 
was recorded in the plants where drought was created 
at flower initiation and at tillering stage, respectively. 
Water stress has the adverse effect on P uptake; P uptake 
decreased with decreasing soil moisture in wheat 
genotypes (Ashraf et al., 1998) and same response 
was reported by Turner (1985) in pepper. P deficiency 
appeared in low to moderate level of drought stress 
(Alam 1994). Kidambi et al. (1990) observed no effect 
of water stress on P uptake. On the other hand, higher P 
uptake in wheat plants was reported under water stress 
by Khondakar et al. (1983). Foliar application of K 
ameliorated the adverse effect of drought on plants and 
improved the uptake of P by 36% and Ca by 18% in 
plants under water deficit at grain filling stage.
5. Conclusions
The results of this study clearly demonstrated 
that water deficit at any critical crop growth stage 
severely affected the physiological and nutrients 
uptake parameters of wheat. Foliar application of 
K on a drought stressed plants at all growth stages 
improved the physiological performance and uptake 
of N, P, K and Ca but reduced Na uptake, grain filling 
stage being more responsive. All these findings lead 
us to recommend that for wheat crop under drought 
farmers should spray the crop with 1% K to minimize 
the negative effect of drought. This can have a dual 
benefit: by improving the physiological performance 
of wheat and supply of K nutrient to plants. For the 
foliar spray on a small scale, a common hand-boom 
sprayer can easily be used, whereas on large scale use 
of a mechanical boom-sprayer is advised.
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